The reaction of 4b,5,9b,l O-tetrahydro[2,1 -a]indene, DIN, with Cr(CO), in Bu,O-THF (9: 1 ) affords t w o mono-complexes with the inorganic unit bonded to the convex or to the concave side of the ligand, respectively. Prolonged reaction times cause the formation of two bis-complexes, bearing the t w o Cr(CO), units bonded both to the convex side of DIN in one case, and to the convex and to the concave side in the other. Steric factors seem important in the kinetic control of the stereochemistry of both the first and the second complexation reaction. Combined X-ray and NMR spectroscopic analyses indicate that coordination with two Cr(CO), groups at the convex side of DIN changes the structure of the ligand into a less bent and less favourable structure.
Until quite recently arene coordination reactions with tricarbonylchromium were known only for mono-, di-and polycyclic fused planar ligands. ' The complexation of bent di-or poly-arenes have received some attention in recent papers since the coordination with the inorganic group on either the convex or concave face of the arene is expected to occur with different rates giving rise to stereoisomers which in turn have different physical and chemical properties. We have reported, for example, that for 1 0-methyltribenzotriquinacene, MTBT, a bent triarene of C3" symmetry and rigid ge~metry,~ complexation of the convex side of a free benzene ring is favoured for steric reasons and that the stereoisomer with the tricarbonylchromium coordinated to the concave face (syn) is less stable than that complexed at the convex face (anti). The two isomers manifest different reactivity towards further complexation, and some specific 'H and I3C NMR spectroscopic characteristics have been correlated with different conformations adopted by the inorganic unit when bonded to the convex or concave side of the ligand. 4 The linearly fused di-indan 4b,5,9b,lO-tetrahydroindeno[2,1-alir~dene,~ DIN, represents a different type of bent hydrocarbon and exhibits a C2 symmetry axis.* . I
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DIN
Unlike MTBT, the DIN molecule displays a certain degree of flexibility mainly due to possible limited torsions (ca. 20-30") about the bond joining the two methine carbon atoms C(l) and * In our laboratories, the title di-indan has been conveniently synthesized in 80% yield from the corresponding 5,lO-diketone (see ref. 
C(1'
). In fact a clockwise or an anticlockwise rotation must take place primarily in order to avoid the eclipsed conformation about this bond, thus affording two energetically non equivalent conformers, viz. A and B.
A B
Moreover, the di-indan ligand contains methylene hydrogen atoms both of syn and anti type. Their presence will play an essential role in the insertion process of Cr(CO), in either of the conformers. The NMR spectroscopic and X-ray analyses could clarify in terms of geometrical considerations the relevant chemical results and physicochemical properties of the complexes described in this work.
Results
The tricarbonylchromium complexes 1-4 of DIN (Scheme 1) were prepared by boiling the hydrocarbon and Cr(CO), in a 90: 10 v/v mixture of butyl ether-tetrahydrofuran (THF). Separation of the complexes was accomplished by medium pressure column chromatography on silica under argon, as described in the Experimental section.
By working with an excess of complexing agent and prolonged reaction times, we obtained 60% conversion of DIN into four different complexes (1-4) which were obtained in the yields indicated in Table 1 (run 1). They were isolated as bright, yellow, crystalline air-stable solids. On the basis of the NMR and mass spectra, and on X-ray measurements (see below), they have been identified as anti-Cr(CO),-DIN, 1, syn-Cr(CO),-DIN, 2, anti,syn-[Cr(CO),],-DIN, 3, and anti,anti-[Cr(CO),],-DIN, 4. In order to drive the reaction towards monocomplexation, an excess of DIN over Cr(CO), and shorter reaction times were used in run 2. In these experiments (conversion ca. 24%) the relative yields of the isomers 1 and 2 Fig. 1 'H NMR spectra of the free and Cr(CO),-complexed DINs.
Solvent, [2H,Jacetone; T 289 K; vo 400.13 MHz; 6 in ppm from internal Me,% were only slightly changed, and the formation of the biscomplexes 3 and 4 was reduced to a half.
Reaction of 2 with Cr(CO), for 15 h (run 4) gave a 17% yield of the 3 as the only reaction product; on the other hand, complex 1 was found to be very poorly reactive under the same conditions (ca. 1% conversion), and an approximately 2: 1 mixture of 3 and 4 was obtained (run 3). High field portion of the 'H NMR spectra of DIN and the N M R Spectroscopic Measurements.-The 'H (see Fig. 1 ) and 13C NMR spectra of 1-4 have been used for identification. The proton assignments given in Table 2 were performed by selective decoupling and ('H)-'H NOE measurements. The spectra of the aliphatic moiety of the molecules are shown in Table 3 . The 13C NMR resonances were attributed to the corresponding nuclei by selective proton decoupling experiments and partially relaxed spectra, and they are reported in Table 4 together with the corresponding lJC-H values.
The ligand. The 'H spectrum of DIN exhibits an ABCD pattern due to the aromatic protons in the range 6 7.4-7.0; the multiplet centred at S 4.004 is attributed to the methine H(l) and H(1') protons, and the signals due to the methylene protons appear at S 3.451 and 3.187. The lower field resonance exhibits a 7.95 Hz coupling constant with the adjacent methine proton, this coupling being reduced to 1.79 Hz for the high field signal. On the basis of geometrical considerations on the aliphatic part of the molecule, we assign the lower field resonance to the methylene hydrogens located in the convex side of the molecule, i.e. to the anti-H(2a) and the higher field one to the syn-H(2b) protons. The assignments were confirmed by NOE measurements, which also allow us to attribute the lowest field resonance system occurring at 6 7.3 18 to H(7), i.e. to the protons at the ortho position with respect to the methine position. This is a common feature for the 'H NMR spectra of all the DIN derivatives reported here.
Mono-complexes 1 and 2. By complexation of one benzene ring with Cr(CO), to the convex or to the concave side of DIN the molecular symmetry of the ligand is removed. The effect of the complexation on the chemical shifts is sufficient to make all the resonances of both the aromatic and the aliphatic moieties of the mono-complexes clearly distinguishable (see Fig. 1 ). In particular, the 'H NMR spectra of 1 and 2 consist of an ABCD system between 6 7.4 and 7.1 attributed to the protons of the uncomplexed ring on the basis of the chemical shift values. Another ABCD pattern belonging to the protons of the complexed ring is found between 6 6.0 and 5.4 for 1 and between 6 6.0 and 5.2 for 2. The signals due to the aliphatic nuclei appear as two distinct sets, as expected, and the assignments were accomplished by NOE measurements. The number of signals in the proton decoupled NMR spectra is consistent with the absence of molecular symmetry in the two complexes. The most important difference between the two spectra is the value of the difference of the chemical shift, A613c, found for the two quaternary carbon atoms belonging to the complexed ring, uiz. 3.76 ppm for 1 and 1.33 ppm for 2, together with the more pronounced spread of the resonances of the tertiary carbon nuclei of the complexed ring, uiz. 1.75 ppm for 1 and 10.51 ppm for 2. In addition, the C=O resonance of 1 (6 235 .06) appears at a significant lower field than that of 2 (6 234.09). This has been already found for the Cr(CO), complexes of MTBT.4
Bis-complexes 3 and 4. The 'H NMR spectrum of the firsteluted bis-complexed DIN, 3, indicates the absence of molecular symmetry. In fact, two different ABCD systems were found in the range 6 6.1-5.3, together with two sets of resonances due to the aliphatic moiety. In addition, all the 16 carbon nuclei resonances of the organic moiety are found in the ' 3C spectrum, and two different signals for the C=O carbons are also observed at 6 235.16 and 234.16. The results clearly indicate that the two Cr(CO), units are coordinated one to the convex and the other to the concave side of the ligand, as confirmed by the X-ray structure (see below). The proton and carbon NMR spectra of 4, on the contrary, show the presence of two equivalent Cr(CO),-coordinated benzene rings, as indicated by the single ABCD pattern for the aromatic protons occurring between 6 6.0 and 5.5, together with only one methine resonance pattern centred at 6 3.954 and only one set of resonances due to the methylene protons at 6 3.301 and 3.020 for the anti and syn hydrogen atoms. In addition to the equivalence of the aromatic, methine and methylene carbon atoms, only one signal for the C r O carbon atoms is found in the 13C spectrum at 6 234.70.
X-Ray Measurements.-Suitable crystals for diffractometric analysis were obtained by slow evaporation under an inert atmosphere of concentrated solutions of 3 and 4 in a 1 : 1 : 1 mixtureofacetone,methanol andmethylenedichloride. No single crystals could be obtained from solutions of 2 in the above mentioned and other similar solvent mixtures. Even though good crystals were obtained for 1, the structure could not be resolved owing to an exceedingly high crystallographic disorder.
The results of the X-ray analysis for the two bis-complexes are shown in Figs. 3 and 4. In complex 3 one of the two Cr(CO), units is bonded to the convex side of the organic ligand and the other to the concave one. The two metal groups in 4 are both bonded in equivalent positions to the concave side of DIN in the anti,anti positions. Crystal data and details of the intensity data collected for complexes 3 and 4 are reported in Table 5 . 
Discussion
The results summarized in Table 1 indicate that the complexation with one Cr(C0)3 group at the convex side of the ligand is favoured as compared to syn complexation, and an antilsyn preference of ca. 2 can be estimated from the product ratios 1 : 2 in both the runs 1 and 2. This result parallels the trend reported for the MTBT ligand, and the difference in reactivity between the convex and the concave side is likely to be ascribed to steric reasons. Runs 1 and 2 show also that the formation of the bis-complex 3 is favoured with respect to that of the complex 4, and the result is confirmed by the results of runs 3 and 4. In fact, by reacting 1 with Cr(CO),, the bis-complexes were hardly detectable in contrast with the higher reactivity of complex 2 which produces only the species 3. Therefore, the reactivity towards the second metallation depends on the syn or anti coordination of the adjacent benzene ring.
X-Ray Data.-The di-indan ligand of the complexes described here is a bent hydrocarbon with C2 symmetry, and contains two stereoisomeric centres on C(l) and C(1') having the same configuration. As a first approximation this molecule can be considered quite rigid except for a limited torsional freedom about the C(1)-C(1') bond of the two indan moieties; a rotation is required, however, in order to avoid an 'eclipsed' conformation about this bond and the unfavoured planar conformation of the two five membered rings.
Though not structurally determined two possible conformations are predictable. As discussed above, an anticlockwise rotation about this bond (ca. 20-30") affords the conformer A, while a clockwise rotation (ca. One can easily realize that insertion of a syn-Cr(CO), group is only possible under condition (c), and among the possible conformations of the Cr(CO), tripod the more favoured is the ex0 one., All these features have been found in the structure of the syn-anti bis-[Cr(CO),], di-indan complex 3 (see Fig. 3 and Table 6 ).
The syn-Cr(CO), tripod is rotated ca. 10" about the chromium-arene bond from an idealized 'staggered' conformation giving rise to distances from the C(13)-O(5) and C(12)-0(4) bond middle points to H(2b) and H(2'b) of ca. 2.65 and 3.00 A, respectively. This recurring feature is present in almost all these and similar complexes and it does not seem to be imposed by steric requirements; on the contrary, it is probably due to a stabilizing interaction between H(2b) and the nearby carbonyl group, as already discussed in a previous paper. 4 The chromium atom lies almost exactly on the central normal to its complexed benzene ring. The NMR spectra (vide infra) are in agreement with feature (b) . Feature (d), imposed by the syn complexation, is completely unfavourable for either a staggered endo or e m conformation of an anti-Cr(CO), tripod complexed on the other benzene ring. As a consequence, the only allowed conformation of this group must be the 'eclipsed' one, as actually found in the structure where again one CEO Table 6 Some relevant geometrical parameters for the complex 3 Torsion angles/" " M(n) indicates the location of the middle point of the corresponding C=O(n) group. bIdealised torsion angles about the normal to the complexed benzene rings passing through the Cr atoms; P( 1) and P(2) indicate the location of the centre of the benzene rings. Bond lengths and intramolecular interatomic distances/A Cr-C(3) Cr-C(4) Cr-C(5) Cr-C(6) Cr-C( 7) Cr-C(8) Cr-C(9) Cr-C( 10) 
Bond lengths and intramolecular interatomic distances/
A Cr( 1 )-C(3) Cr( 1)-C(4) Cr( 1)-C(5) Cr( 1)-C(6) Cr( 1)-C(7) Cr( 1)-C(8) Cr( 1)-C(9) Cr(1)-C(10) Cr( 1)-C(l 1) O( 1 )-C(9) O( 2)-C( 10) O( 3)-C( 1 1 ) M(3) -H(1a)" M(5) H(2b)C r( 2)-C( 3 ') Cr(2)-C(4') Cr(2)-C( 5') Cr( 2)-C( 6') Cr(2)<(7') Cr(2)-C(8') Cr(2)-C( 12) Cr(2)-C( 13) Cr(2)-C( 14) O(4)-C( 12) O(5)-C( 13) O(6)-C( 14) M(4) -H(2bC( 5')-P( 2)-Cr(2)-C( 14) C(3')-P(2)-Cr(2)-C( 12) C(7')-P(2)-Cr(2)-C( 13) H(l)-C(l)-C(2 )-H(2)l H(1)-C( l)-C(2)-H(2)2 C(5)-P( l)-Cr( 1)-c(9) C(7
)-P( l)-Cr( 1)-C( 10) C(3)-P(I)-Cr(l)-C(l H(l')-C(l')-C(2')-H( l'b) H(l')-C(l')-C(2')-H(2'b)
a M(n) indicates the location of the middle point of the corresponding C=O(n) group. Idealized torsion angles about the normal to the benzene ring passing through the Cr atoms; P indicates the location of the centre of the benzene ring.
group (its middle point) is at 2.83 A from the methylene antihydrogen H(2a) (see Table 6 ). The Cr(CO), group shows a relevant 'slippage' (ca. 0.12 A) towards the outer C(4)-C(5) benzene bond.
As to the conformation B of the ligand we similarly expect that: (a) the five membered rings are puckered towards the convex side of the molecule, thus flattening its overall shape; (6) According to point (c), for this conformation no syncomplexation with Cr(CO), is possible. Moreover, for an anticomplexation both the exo-and the endo-staggered conformations of the Cr(CO), tripod seem strongly hindered mainly by the methine hydrogens which are now much closer to the central normal to the benzene ring concerned. Therefore, an eclipsed conformation is still favoured. The X-ray structural data for the anti-anti-bis-[Cr(CO),1, di-indan complex confirms these arguments (see Fig. 4 and Table 7 ). The molecule lies on a twofold crystallographic axis. The Cr(CO), tripods are rotated ca. lo" from an idealized eclipsed conformation, giving rise, here too, to a distance from the middle point of the C(10)-0(2) bond to H( 1') of ca. 2.8 A; no slippage is observed for Cr. The NMR results (vide infra) are in agreement with these data and confirm the features (b) and (c) for both the mono-and bis-anticomplexes.
All the other geometrical parameters for the two complexes are quite normal and do not require particular comments. They are filed as supplementary material [sup. pub. no. 56881 (3 PP.)l.* N M R Results.-The discussion of the NMR data will be split into two parts, one concerning the resonances due to the aromatic and the other to the aliphatic portion of the molecules, respectively. The comparison of the NMR spectra of the two mono-complexed species shows that the signals of the complexed ring protons of 1 appear on average at lower field with respect to the corresponding signals of 2 (see Fig. 1 ). In addition, the chemical shift value of the l3Cz0 nuclei of 1 occurs at ca. 1 ppm downfield from that of 2. By comparison with the analogous findings for the mono-complexed MTBTs? we conclude that in 1 the Cr(CO), group is bonded to the convex side of the ligand, and in 2 to the concave one. Additional confirmation of this assignment comes from the comparison with the NMR data of the bis-complexes (see below). Therefore, the relative position of the carbonyl I3C signals represents again a valuable diagnostic tool which can help to determine the site of complexation when the X-ray structure is not available.
The chemical shift values of the 'H and I3C nuclei of the uncomplexed benzene ring both in 1 and in 2 do not differ substantially from the corresponding values in the ligand, suggesting a negligible importance of long-range complexation effects.
Similar features are shown by the aromatic nuclei in the biscomplexed species, 3 and 4, the molecular structure of which has been obtained by X-ray analysis. In particular, it is evident (cf. Table 2 and Fig. 1 ) that the proton spectrum of the aromatic part of the anti,anti complex 4 is almost identical (both in chemical shift values and in signal shape) to that shown by the complexed ring of the anti-1 species. Moreover, the spectrum of the unsymmetrical syn,anti complex 3 in the range 6 6.1-5. ring proton signals of the 1 and 2 mono-complexes. A similar situation is also observed in the corresponding I3C spectra. The two different chemical shift values of the C=Os in 3 are very close to those observed in 1 and 2, respectively, suggesting that the two indan moieties behave as non-interacting entities in each case. The C r O resonance for 4 is shifted slightly upfield with respect to those of the other anti-Cr(CO), groups (in 1 and 3).
A careful examination of the 'H NMR characteristics of the alicyclic part of the free and complexed DIN ligands affords a number of structural data, which can be profitably compared with the results of the X-ray diffraction studies.
Let us consider first the values (Table 3) 3JH(1),H(2b) and 3JH(1r),H(2,b) values (ranging from 1.29-1.97 Hz) found for the ligand and the complexes 2 and 3, respectively, suggest for these molecules a o2 angle close to 90" (conformation A, see above). On the other hand, the high value (8.08 Hz) found for 4 is indicative of a c2 value near to 180" (conformation B). Thus, the values measured by X-ray analysis for 3 and 4 (02 = 101" and 153", respectively; Tables 6 and 7) are in good agreement with the NMR spectroscopic results. These findings suggest that, in solution, the conformation A is that adopted by the free ligand and the complexes 2 and 3. The high values (7.46-9.39 Hz) of the 3JH,H coupling constants between the methine H( 1) and H( 1') protons and the anti-methylene protons H(2a) and H(2'a) found for all these molecules are again in accordance with the dihedral angles H( 1)-C( l)-C(2)-H(2a) and H( 1')-C( 1')-H(2'a) obtained by the X-ray analysis both for 3 and 4 (17" and 30°, respectively).
Further support for these considerations comes from the comparison between the diffractometric analysis and some selected { ' H)-'H Nuclear Overhauser Enhancement (NOE) data. In fact, the crystallographic data show that in the conformation A the methylene H(2b) and H(2'b) syn-hydrogen atoms are very close to the H(7') and H(7) nuclei, respectively. On the other hand, the rotation around the C(1)-C(1') bond giving rise to the conformation B causes these nuclei to become noticeably farther from each other. In the NOE experiments, a line enhancement for the H(7) and H(7') protons in the range of 6 . 4 9.8% is observed upon saturation of the H(2'b) and H(2b) nuclei, respectively, of the ligand and the complexes 2 and 3; on the other hand the line enhancement decreases to 2.0% in 4, and an intermediate value (4.5%) is found for 1. 
Conclusions
Four complexes, 1 4 , have been obtained by reacting 4b,5,9b,10-tetrahydro[2,1 -a]indene with Cr(CO),. From the combination of the X-ray and NMR spectroscopic data, it is concluded that the complexes 2 and 3, both bearing a syn-Cr(CO), unit, adopt the highly bent conformation A both in the solid state and in solution. The same holds for the free ligand in solution. By contrast, the twofold anti complexation in 4 gives rise to a conformational switch of the DIN unit into the 'stretched', less bent, conformation B. With a single anti-Cr(CO), group in complex 1, the conformational response of the DIN ligand to abandon the more favourable conformation A is much less pronounced.
A1 t ho ugh the an ti-C r(C0) complexa tion seems kine tically favoured, the reluctance of the mono-anti complex 1 towards secondary complexation is remarkable, in contrast to the higher reactivity of the mono-syn stereoisomer 2. Obviously, the steric interactions in the conformers A and B strongly govern the course of the secondary complexation. Further studies on Cr(C0)3 complexes with centro-polyindans are currently in progress in our laboratories.
Experimental
General.-All the reactions and complex manipulation were performed in an oxygen-free argon atmosphere. The solvents were carefully dried and deoxygenated before use and the Cr(CO), reagent (Aldrich) was sublimed twice under reduced pressure just before use. Solvent mixtures, reaction times, and substrate/complexing agent ratios are given in Table 1 . The percentages of complexation products were determined by integration of the corresponding signal in the 'H NMR spectra of the crude reaction mixtures. In the preparative experiments, the pure products were obtained by flash chromatography of the residue on silica after removal of the solvents. All the complexes appear as yellow, air-stable microcrystalline powders, which gave satisfactory combustion analyses. Melting points are uncorrected. Microanalyses were performed by Mr. L. Turiaco, Dipartimento di Chimica Inorganica, Metallorganicu ed Analitica, Universita di Padova. The IR spectra were recorded as tetrahydrofuran (THF) solutions with a Perkin-Elmer 580B spectrophotometer, and the 70 eV electron impact mass spectra were measured with a VG 16 MicroMass spectrometer. mmol dm-, solutions for both 'H and I3C NMR spectroscopic measurements were obtained by using carefully dried, oxygen-free [2H,]acetone. The proton spectra, recorded on a Bruker AM400 spectrometer operating at 400.133 MHz, were analysed using the Bruker PANIC program on a Bruker Aspect 2000 computer. The proton-decoupled 100.614 MHz I3C NMR spectra were obtained with the same solutions by using a 6 s delayed Waltz-like CPD decoupling technique with full recover of the Overhauser line enhancement to get satisfactory signal-tonoise ratios after 128-256 accumulations on a 64K word size.
Collection of X-Ray Diffraction Data.-Single crystals of 3 and 4 were grown under argon from a saturated solution in a 1 : 1 : 1 mixture of carefully dried, oxygen-free acetone, methanol and methylene dichloride. They were mounted on a Philips PW-100 computer-controlled four-circle diffractometer with graphite monochromator. Standard centring and autoindexing procedures indicated a primitive monoclinic lattice, space group P2,/a for 3 and a centred monoclinic lattice, space group C2/c for 4. The orientation matrix and accurate unit cell atom introduced in the final calculations but were not refined. Anisotropic thermal parameters were used for all the nonhydrogen atoms. Blocked-cascade least-square refinements were used. They converged to the conventional R indexes dimensions were determined from a least square fit of 25 symmetry-related reflections. The intensities were corrected for Lorentz and polarization effects but not for absorption owing to the relative low p values. Crystal data and details of intensity data collection appear in Table 4 . The position of the Cr atoms were determined from a three-dimensional Patterson syntheses. The light atoms were located from subsequent Fourier maps. The positions of the hydrogen atoms were determined from the least difference-Fourier maps; they were assigned the isotropic thermal parameters [U(H) = 1.2Ue,(H)] of the parent carbon reported in Table 4 . An unitary weighting scheme was used. Scattering factors for the atoms were taken from Cromer and Waber,9 the scattering factors for the Cr were corrected for the real and imaginary parts of anomalous dispersion using Cromer's values. l o All computations were carried out on a Cyber 76 computer using the SHELX-76 program." The final positional parameters of the non-hydrogen atoms are listed in Table 8 . Tables of thermal parameters, the positional parameters of the hydrogen atoms and full lists of bond lengths and angles for 3 and 4 have been deposited at the Cambridge Crystallographic Data Centre.*
